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Activation energy and enthalpy of decomposition for the Fe 17Sm2 nitride
F. A. O. Cabral,a) S. Gama, and C. A. Ribeiro
Instituto de Fı´sica Gleb Wataghin, Universidade Estadual de Campinas-UNICAMP, Caixa Postal 6165,
13083-970, Campinas, SP, Brazil
Decomposition studies of the Fe17Sm2N3 compound were done using a Calvet-type
microcalorimeter and a simultaneous gravimetric and differential thermal analyzer~DTA!. The
results show that the decomposition has onset temperature of 570 °C and proceeds up to 900 °C, and
presents only one well determined exothermic thermal event. The calorimetric measurement shows
that the enthalpy associated with the decomposition is 69 kJ/mol. The activation energy of the
process was also determined using the Kissinger method applied to the DTA signal. It was observed
that there was only one activation energy for the decomposition process, with a value of 339 kJ/mol.
© 1997 American Institute of Physics.@S0021-8979~97!85308-X#
I. INTRODUCTION
The phase Fe17Sm2N3 presents high saturation magneti-
zation and high uniaxial magnetic anisotropy, and is a good
candidate for high performance bonded magnets. It is well
known that the phase is metastable and decomposes when
heated above 600 °C. Coeyet al.1 suggested that this irre-
versible decomposition proceeds according to the reaction
Fe17Sm2N3⇒2 SmN117 Fe11/2 N2↑. ~1!
Christodouloset al.2 suggested that the decomposition
led to the formation of an iron nitride, indicated as FeNx ,
with a Curie temperature (Tc) around 700 °C. They tenta-
tively ascribed this iron nitride to one of the more well
known compounds Fe4N or Fe2N, but this is hard to accept
because previous works3,4 demonstrate that these iron–
nitrogen compounds are not stable up to 600 °C, and have
their own characteristicTc’s different from the one observed
for the decomposition product.
Previous work, based mainly on thermomagnetic analy-
sis~TMA ! and simultaneous thermogravimetric and differen-
tial thermal analyses~TGA and DTA!, allowed us to propose
a decomposition mechanism, that starts around 600 °C, de-
scribed by the scheme5
Fe17Sm2N3⇒2 SmN117~FeNx!, ~2!
FeNx⇒Fe1x/2N2 . ~3!
The interpretation of this scheme is that initially we have
the formation of SmN, that takes two nitrogen atoms ab-
sorbed in the phase. The remaining atom is not just released,
but forms a metastable solid solution in iron. The signature
of this solid solution is a Curie temperature slightly lower
than the one for pure iron. If the sample is cycled several
times to temperatures above 800 °C, the nitrogen in the solid
solution diffuses out of the iron, and an approach to the pure
iron Tc is observed.
Liu et al.6 did a series of differential scanning calorim-
etry ~DSC! measurements on the nitrides of several Fe17R2
phases and observed a thermal event starting at temperatures
as low as 300 °C. This thermal event has been interpreted as
nitrogen release from the phase, as if this nitrogen release
marked the beginning of the decomposition of the nitrided
phases. Applying the Kissinger method7 they were able to
determine the activation energy for this process, which they
interpreted as being the activation energy for the diffusion of
the nitrogen in the phase occurring as a decomposition reac-
tion of the type solid→solid81gas. They found that this re-
action occurs in two steps, with different activation energies.
In the case of Fe17Sm2, these activation energies are 168 and
64 kJ/mol for the low and high temperatures regimes, respec-
tively. These values are consistent with other measurements
of activation energies for diffusion of gases in metals, e.g.,
nitrogen in the Fe17Sm2 phase.
8–10 However, this set of ob-
servations is inconsistent with the above described measure-
ments of decomposition of the phases,1,2,5 and, furthermore,
it sounds very strange to have a low temperature process
with a higher activation energy than a high temperature pro-
cess. For this reason we undertook a more detailed study of
the decomposition mechanism of the nitrided Fe17Sm2 phase
and the determination of the activation energy of this pro-
cess.
II. EXPERIMENT
We used samples of the Fe17Sm2 in powder form, ob-
tained from the Goldschmidt Co. The powder was sieved to
have particle diameters in the range 20–50mm. Nitrogena-
tion up to saturation levels was accomplished in a Sieverts
apparatus at 400 °C. The decomposition process was studied
using first a Calvet-type microcalorimeter, model HT1000D
from the Setaram Co, from which we obtained the tempera-
ture and the enthalpy of the reaction, after correction for the
base line. The samples were run in CaF2 crucibles under high
purity argon atmosphere, at a heating rate of 0.2 °C/min. We
used a simultaneous thermal analyzer model TAG 24, also
from Setaram, to obtain the activation energy for the decom-
position reaction, applying the Kissinger method to the DTA
peaks.7 We used samples with masses around 200 mg in
alumina crucibles, under argon atmosphere, and heating rates
ranging from 1.0 to 17.5 °C/min. The TGA balance has a
sensitivity of 10mg. This apparatus allowed to also deter-
mine the onset of the gas loss by the sample, through the
measurement of the thermogravimetric signal. All measure-
ments were corrected for base line both for DTA and TGA
a!Permanent address: Departamento de Fı´sica, Centro de Cieˆncias Exatas,
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curves. We also applied TMA measurements in order to de-
termine the magnetic behavior of the samples under decom-
position and the Curie temperature of the resulting nitrogen
in iron solid solution. The Curie temperatures were deter-
mined as the maximum in the derivative of the susceptibility
curve. X-ray diffraction was used to identify the phases
present in the samples in the different states they assumed.
III. RESULTS AND DISCUSSION
Figure 1 shows the curve obtained for the decomposition
as measured in the Calvet-type microcalorimeter. We note
there is only one thermal event, with onset temperature of
570 °C, of exothermic nature. The integration of the curve,
using the apparatus software, gives the enthalpy of the reac-
tion as 69 kJ/mol.
This result is corroborated by the TG-DTA measure-
ments, as shown in Fig. 2, for a sample run at 5 °C/min,
where we can see a very well defined exothermic peak in the
DTA signal, coupled to the beginning of mass loss by the
sample.
The onset temperature for these events is the same as the
one measured by the Calvet calorimeter. It is also observed
that the mass loss is a relatively slow process, and extends up
to 900 °C, and amounts to what is expected from the nitro-
gen charge in this sample.
Again, we can see that the decomposition occurs in a
single well determined thermal event.
Figure 3 shows the TMA heating curve for the
Fe17Sm2N2.76 sample. We observe the transition correspond-
ing to the nitride phase around 470 °C and around 600 °C, a
broad peak corresponding to the decomposition of the nitride
phase, followed by a broad magnetic transition correspond-
ing to the nitrogen in iron solid solution.
Figure 4 shows the DTA runs at different heating rates
for a nitrided Fe17Sm2 sample. It is observed that the peak
corresponding to the decomposition of the phase displaces to
higher temperatures with increasing heating rate, as ex-
pected. Kissinger analysis of this set of data, shown in Fig. 5,
allows to describe the data as one linear fit with correlation
coefficient of 0.996 and standard deviation of 0.086. We note
FIG. 1. Heat-flow curve obtained in the Calvet microcalorimeter.
FIG. 2. TG and DTA signals for the Fe17Sm2 nitride.
FIG. 3. TMA curve for the Fe17Sm2N2.76 sample, absorption at 400 °C.
FIG. 4. DTA runs for the Fe17Sm2 nitride. The numbers labeling the curves
are the heating rates in °C/min.
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that only one line describes the data very well. This strongly
suggests that the decomposition reaction can be character-
ized by only one mechanism.
The activation energy obtained is 339 kJ/mol, fairly
above the one reported by Liuet al.6 but in the range of
values expected for this kind of decomposition reaction.11 It
is clear then that the activation energy measured by Liu
et al.6 corresponds to another kind of process, different from
the decomposition of the nitrided 17:2 phase.
IV. CONCLUSIONS
Based on the above set of experimental data we can
conclude that:
~1! The decomposition mechanism of the nitrided Fe17Sm2
phase occurs according to the scheme depicted by Eqs.
~2! and ~3!, with onset temperature of 570 °C and ex-
tending up to 900 °C.
~2! The enthalpy of this decomposition is 69 kJ/mol.
~3! The activation energy for the decomposition process is
339 kJ/mol and can be described by just one mechanism.
~4! Effects observed at lower temperatures, around and
above 300 °C, are not connected to the decomposition
mechanism.
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FIG. 5. Fit of the Kissinger expression to the DTA experimental data.
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